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DNA sequencing and the Birth of 
Genomics

The revolution: obtain the genetic basis for all functions of the organism



  

Initial Targets
• Bacterial Human Pathogens

– Public Health
– Biodefense

• Important Environmental Bacteria 
and Archaea
– Carbon sequestration and climate change
– Bioremediation
– Bioenergy

• Important Agricultural Bacteria
– Crop pathogens
– Important plant growth promoting



  

The Genomics Revolution

E. coli: 4.5 million base pairs

H. sapiens: 3000 million base pairs

Cost: > $300M
(2003)Cost: ~$3M

(1997)



  

Behind the 
Surge?: NGS 
Technologies



  

30 > 100 > 400 mb / run2005

Pyrosequencing
100bp > 250bp > 400bp

½ 
da
y

  Sanger - 1975

  ABI gel “automated” - 1986

  ABI Capillary 1999 – current

Capillary Based Sequencer, 70 kb / run

So 
many 
letters!!

When “more” isn’t just 
more!



  

What is 454 pyrosequencing?



  

Reading light



  

Contigs (consensus sequences)

Genome Assembly with Newbler

Random shotgun short reads – but many of them!

Need scaffolding information!!



  

Getting “paired-end reads”



  
Contigs (consensus sequences)

Genome PE Assembly with Newbler

Random shotgun short reads – but many of them!

Paired end reads!



  

30 > 100 > 400 mb / run2005

Pyrosequencing
100bp > 250bp > 400bp

½ 
da
y

1.0 > 3 > 10 gb / run

2007

Seq. by Synthesis
25bp > 50bp > 75bp

3 
da
ys

  Sanger - 1975

  ABI gel “automated” - 1986

  ABI Capillary 1999 – current

Capillary Based Sequencer, 70 kb / run

So 
many 
letters!!

When “more” isn’t just 
more!



  

What is Solexa/Illumina 
sequencing?



  

What is Solexa/Illumina 
sequencing?



  

What is Solexa/Illumina 
sequencing?

Get millions of clusters per 
lane/channel



  

**Corrected sequences, but still many gaps 
generally

Genome improvement/polishing
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  What’s 
next???

2010

30 > 100 > 400 mb / run2005

Pyrosequencing
100bp > 250bp > 400bp

½ 
da
y

1.0 > 3 > 10 gb / run

2007

Seq. by Synthesis
25bp > 50bp > 75bp

3 
da
ys

1.0 > 10 > 20 gb / run

2008

Seq. by Ligation
25bp > 35bp > 50bp

7 
da
ys

  Sanger - 1975

  ABI gel “automated” - 1986

  ABI Capillary 1999 – current

Capillary Based Sequencer, 70 kb / run

So 
many 
letters!!

When “more” isn’t just 
more!

95G kits
HiSeq2000 : 200G



  

Moving beyond amplification: 
Pacific Biosciences



  

Moving beyond amplification: 
Pacific Biosciences



  

Moving beyond amplification: 
Pacific Biosciences

Can get an average of 1kb 
reads!
Takes 15 min. for a run!
SMRT!!



  

Still need a priming site
SMRTbell!



  

Moving beyond amplification: 
Pacific Biosciences

Going round for 
quality and Pulsing



  

“Starlite” – FRET chemistry

Nano-robotic DNA manipulation technology??



  



  

What to do with all these 
sequences??

Or….what “can” we 
do???

Great! …now what?



  

A next-gen challenge!: 
Metagenomics



  

Of Microbes and Men

• The human body 
contains about 
1013 cells 

• From shortly after 
birth until death, 
the human body, 
routinely harbors 
1014 bacteria  (100 
trillion!!!)

• You are roughly 
10% human

1012 bacteria 
on the skin

1 ml saliva: 40 million 
cells



  

Cells
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Metagenomics

RNA
Metatranscriptomics

Proteins
Metaproteomics
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Different Metagenomic 
Flavours

rRNA (16S) gene survey
Community profiling

RNAseq
metatranscriptomics

Whole genome shotgun
metagenomics

PCR-based

RNA-based

DNA-based



  

published shotgun metagenomic studies

JGI
Phosphorus-removing
bioreactors

JGI
Urban air

07

JGI: A metagenomics hub
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NOTE: Sample metadata is critical! 

From a snapshot to a series 



  

17,000 Cow rumen, 17 Gbp Illumina

100,000 JGI Tb-challenge project pilots, ~100 Gbp

Termite hindgut, 62 Mbp Sanger 62

1,000,000

JGI Tb-challenge projects, ~1 Tbp

High probability of computational bottlenecks
all vs all will NOT scale!
New approaches needed…

The next challenge: Terabase 
scale

Avg. Metagenome project, 3Gbp Illumina + 200 Mbp 4543200

Terror-base

Tringe



  

Quality still a possible pitfall…

quality

Sequenced base

T
ot

al
 #



  

Illumina data not always so 
good…

• Raw data
– 29’753’554 reads
– 76 bp 
– 2’261’270’104 bp

• Trimming
– 14’866’717 reads, 

50% 
– ~36.5 bp, 48%
– 542’160’999 bp, 24%

On to assembly…



  

Short reads
+

Many genomes
+

Varied abundances
=

“Interesting” assemblies



  

Combining 
454 with 

Illumina data:
A 

metagenomic
s nightmare



  

Successful Assemblies!

454.sff Illumina.hash37
454+Illumina 
300contigsplit

Tool: Newbler Velvet Newbler
Assembled_reads: 86.43% 88.19% 89.75%

Total_bases: 22347052 30510493 29448133
Singleton: 63419 3992352 48360

Contigs_number: 13072 41749 9239
N50: 3217 6144 10761
Max: 71063 183750 120185

Top10_bases: 508436 1176640 823422
Top20_bases: 859965 1824883 1456953
Top40_bases: 1434355 2836397 2539934

Top100_bases: 2624547 4876231 4883464
>100kb_bases: 0 745385 120185
>50kb_bases: 242880 2270979 2539934
>25kb_bases: 1511575 5809841 7026589
>10kb_bases: 4339620 11955915 15222002
>5kb_bases: 8098882 16469453 19767917
>3kb_bases: 11636377 19039014 22587424
>2kb_bases: 14093342 20783840 24498444
>1kb_bases: 17718317 22937756 26762015



  

Successful Assemblies?

454 illumina.hash57 454+illumina 300 
contigsplit

Tool: Newbler Velvet Newbler
Assembled_reads: 19.38% 3.51% 22.69%

Total_bases: 4321654 3314719 3850267
Singleton: 367455 46684681 314974

Contigs number: 9399 16845 7781
N50: 531 196 573
Max: 10804 15298 16110

Top10_bases: 62001 41192 73005
Top20_bases: 98823 63034 114008
Top40_bases: 157762 100884 184488

Top100_bases: 292812 185144 341570
>100kb_bases: 0 0 0
>50kb_bases: 0 0 0
>25kb_bases: 0 0 0
>10kb_bases: 10804 15298 16110
>5kb_bases: 48045 15298 63869
>3kb_bases: 124047 22609 206016
>2kb_bases: 269515 63034 385995
>1kb_bases: 832447 227448 1011106



  

Can see population sequence 
heterogeneity

SNPs vs. 
contig GC%

Re-map reads to 
contigs



  

Toward a comprehensive bioinformatic 
workbench for the genomics 

community

Sequence 
Data

MG-DNA

RNAseq

S
u
rv

e
y

rRNA 
profilin
g

MEGAN or 
NBC, 
Trees

Assembly  profile by phylogeny and 
function; Profile rRNA hits; Mapping to 
genomes; Characterize protein hits

Compare datasets 
(communities 
and/or treatments)

rRNA hits; map to 
genomes or to 
functions; count 
hits to 
gene/function;



  

Acknowledgements

Pavel 
Senin

Andrew 
Liu

Chien-Chi 
Lo

Gary 
Xie

Ron 
Croonenberg

Thomas 
Liu

Matt 
Scholz

Benjamin Allen


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43

